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CHAPTER - 1 
INTRODUCTION 
1NTRODUCTIOI4 
Every respectable branch of science has its own theory - a collection of 
laws, axioms, corollaries and rules that guides the scientists in using 
expenments to unravel the secrets of nature. Analytical chemistry is discipline 
in its own right in chemistry. This branch usually begins by placing chemical 
analysis in the broader perspective of chemical science, describing different 
types of analysis (e.g. qualitative, quantitative) on macro to micro level and can 
also be applied to the routine analysis. It has extensive application in the 
analysis of organic and inorganic compounds, pharmaceuticals, biochemicals, 
body fluids, polluted water, food and in many other areas. With the growing 
global awareness in health hazards and environmental pollution analytical 
chemistry has played key role to unveil its causes. Analytical chemistry is one 
of the fastest growing fields in the area of chemical technology. It has reached 
the pinnacle of precision with the sophisticated computerized instrumental 
techniques. Modern instrumentation makes possible to elucidate the 
microstructure of molecular species and thereby the reaction mechanics taking 
place onto the species, studies of rare and artificial radioactive elements and to 
obtain substances in the highest state of purity. However, the goals and 
objective of chemical analysis have not changed despite the change of ways in 
which these objectives are realized over the year. 
Nuclear magnetic resonance spectroscopy 
NMR Spectroscopy is based upon the measurement of absorption of 
electromagnetic radiation in the radio frequency region of roughly 4-600 MHZ, 
which corresponds to a wave length range of about 75 to 0.5 m. In contrast to 
ultraviolet, visible and infrared, adsorption, nuclei of atoms rather than outer 
electrons are involved in the absorption process. NMR is one of the most 
powerful tools available to the chemist and biochemist for elucidating the 
structure of both organic and inorganic species. The great utility of NMR in the 
identification of pure substances of unknown structure. One of the useful 
applications of NMR has been in the determination of functional groups, such 
as hydroxyl groups in alcohols and phenols, aldehydes, carboxylic acid, olefins, 
acetylenic hydrogens, amines and amide. NMR spectroscopy can be used to 
determine the total concentration of a given NMR active nucleus in sample. 
Mollis has described a method for the determination of aspirin, phenacetin and 
caffeine in commercial analgesic preparation. 
Infrared spoctroscopy 
Infrared spectroscopy finds wide spread application to qualitative and 
quantitative analysis. Its single most Important use has been for identification of 
organic compounds whose spectra are generally complex and provide 
numerous maxima and minima that are useful for comparison purposes. In 
most instances, the infrared spectrum of an organic compound provides a 
unique figure print which is readily distinguished from the absorption patterns of 
all other compounds. IR spectroscopy is generally used in the identification of 
the functional groups in organic compounds. This identification has been 
extended to such diverse appi cation as the determination of steroids, 
hormones and pharmaceutical chemicals. The lipid, carbohydrates amino acid, 
proteins, nucleic acid, enzymes ankd many other biochemical compounds have j l  
been extensively studied by this technique. 
Electron spectroscopy 
Electron spectroscopy is a powerful tool for the identification of all the 
elements in periodic table with the exception of hydrogen and helium. Most 
important, the method permits determination of the oxidation state of an 
element and the type of species to which it is bounded. The technique provides 
useful information about the electronic structure of molecules. Electron 
spectroscopy has been successfully applied to gases and solids and more 
recently to solutions and liquids. 
Raman spectroscopy 
Raman spectroscopy was discovered by Indian Physicist C.V. Raman in 
1928. It has provided a useful tool for certain limits types of quantitative 
analysis; it has also been applied to structural studies of both organic and 
inorganic systems. Raman spectroscopy consists of 3 components and intense 
source, a special cell and a spectrometer. Raman spectroscopy consists of 3 
components an intense source, a special cell and spectrometer. Raman 
spectra are obtained by irradiating a sample with very intense monochromatic 
radiation and examining the wave. Raman technique is superior for studying 
inorganic systems. 
X-ray spectroscopy 
X-ray spectroscopy, like optical spectroscopy, is based upon 
measurement of emission, absorption, scattering, fluorescence and diffraction 
of electromagnetic radiation. Such measurements provide much useful 
information about the composition and structure of matter. 
Emission spectroscopy 
Emission spectroscopy is based upon the more energetic atomization 
sources namely the inductively coupled plasma (ICP). The direct current 
plasma (DCP), the electric arc and electric spark. Emission spectroscopy is 
based upon the line spectrum produced by excited atoms and ions. Absorption 
spectroscopy is based upon ultraviolet or visible radiation find wide application 
for the qualitative and quantitative determination of molecular species. 
Ultraviolet and visible Spectroscopy 
Ultraviolet and visible atomic spectra are obtained by atomization, a 
process by which the molecular constituents of a sample are decomposed and 
converted to atomic particles. 
Mass spectroscopy 
Mass spectrum is obtained by converting components of a sample into 
rapidly moving gaseous ions and resolving them on the basis of their mass to 
charge ratios. The technique is capable of providing quantitative and qualitative 
information about both the atomic and molecular composition of inorganic and 
organic materials. 
Voltametry and polarography 
Voltametry and polarography comprise a group of electroanalytical 
methods in which information about the analyte derived from the measurement 
of current as a function of applied potential obtained under conditions that 
encourage polarization of the indicator or working electrode. Working electrode 
due to small surface area enhances polarization. Such electrodes are called as 
microelectrode. 
Historically, the field of voltametry developed from the discovery of 
polarography by the Czechoslovakian chemist Jaroslav Herovsky in the early 
1920s. Polarography, which is still most widely used of all voltammetric 
methods, differs from the others in the respect that a mercury electrode severs 
as the microelectrode; usually, this electrode takes the form of a dropping 
mercury electrode (DME). The applications of voltammetric methods to the 
qualitative and quantitative determination of a host of inorganic and organic 
species. 
In analytical chemistry we are mainly concerned with the various types of 
separation, detection and determination. The detection and determination of a 
substance sometimes requires its separation from interfering impurities. The 
separation is the very basis of analysis from interfering impurities. The 
separation is the very basis of analytical chemistry. It is of primary concern for 
an analytical chemist to separate different constituents of a sample prior to 
chemical analysis. Besides the chassical separation methods such as filtration, 
fractional distillation precipitation and crystallization which involves long and 
complicated operation, chromatography, electrophoresis and ion exchange 
have been emerged as a very important analytical tool. They have played a 
significant role in identification, separation and quantitative determination of 
ionic and non-ionic species and purification of chemical compounds. 
Chromatography 
Chromatography play an important and significant role in the separation 
of compounds in samples of diverse nature. In chromatography a mixture is 
applied in a narrow zone to a stationary porous sorbents and components are 
caused to undergo differential migration by the flow rate of the mobile phase a 
liquid or a gas. The brief history of chromatography is outlined by the 
chronological listing of some of the key contributors in Table - 1. 
TABLE-1: Some of the key contributors in the field of chromatography 
Year Contributors Contributions 
1948 Way & Thompson Recognised the phenomenon of 
exchange in soil. 
1850 Runge & Schoenbein & Studied capillary analysis on paper. 
1900 Geoppelsraeder 
TABLE-1 (Cont'd) 
Year Contributors 
1878 Lemberg 
Contributions 
1892 Reed 
1903- Tswett 
1906 
1930- Kawar, Kuhn & Strain 
1932 
1935 Adams & Holmes 
1938 Reichartein 
1938 ismailov and Schraiber 
1939 Brown 
Illustrated the reversibility and 
stoichiochemistry of ion exchange in 
aluminum silicate materials. 
First recorded column separation. 
Tubes of kaolin used for separation 
of FeCl3 from CUSO4. 
Invented chromatography with use of 
pure solvent to develop the 
chromatogram, used mild adsorbents 
to resolve choroplast pigments. 
Used active lime, alumena and 
magnesia adsorbents. 
Synthesized synthetic organic ion-
exchange resins. 
Introduced the liquid or flowing 
chromatograms. Thus extending 
application of chromatography to 
colourless substances. 
Discussed the use of thin layer of 
unbound alumina spread on a glass 
plate. 
First use of circular paper 
chromatography. 
TABLE-1 (Cont'd) 
Year Contributors Contributions 
1940- Tiselius 
1943 
1941 Martin &Synge 
Devised frontal analysis and method 
of displacement developments. 
Introduced column partition 
chromatography. 
1944 Consden, Gorden and Martin First described paper partition 
chromatography. 
1947- Boyd. Tomplins Spedding, 
1950 Rieman & others 
1948 Lederer & Linstead 
1951 Kirchner 
1952 James & Martin 
1956 Sober & Peterson 
1959 Porath & Flodin 
1964 Moore 
Applied to various analytical 
problems. 
Applied paper chromatography to 
inorganic compounds. 
Introduced thin layer chromatography 
as it is practiced today. 
Developed gas chromatography. 
Prepared Ion-exchange cellulases. 
Introduced cross-linked dextran for 
molecular sieving. 
Gel permeation chromatography as a 
practical methods. 
The term chromatography is derived from iwo Greek words 'chrome' and 
'Graphy' meaning colour and writing respectively. Initially the chromatography 
was regarded as a branch of analytical chemistry where the studies were based 
on colours. Although the meaning of the term is largely understood by chemists, 
a good definition of chromatography is difficult to formulate, It is a collective 
term to methods which appear diverse in some regards but share certain 
common features. A definition should emphasize that components of a sample 
are distributed between two phases, but this alone is inadequate because we 
do not wish the term to embrace chromatography defined by classidy and 
keulemans received wide acceptance in the past. 
At about the end of the 19'*^  century, Davy observed the compositional 
changes in crude petroleum when it came in contact with rocks, A Russian 
Botanist M. Tswett was attracted towards the fact that the crude petroleum is 
derived from the plants which were buried millions of years ago under the 
earth's crust while a rock is not much different from CaCo3 from the chemical 
point of view. Being inspired from Davy's obsen/ation M. Tswett packed a 
narrow glass tube with CaCos and passed petroleum ether extract of chlorophyll 
and other plant pigments through the column. M. Tswett found plant pigments 
separated. Tswett work was realized in 1931 by a prominent organic chemist R. 
Kuhn and his coworkers when they used chromatographic system similar to that 
used by Tswett and separated natural products, all the known type of 
chromatography can be put in four groups. 
1. Liquid solid chromatography 
2. Gas solid chromatography 
3. Liquid - liquid chromatography 
4. Gas - liquid chromatography 
Liquid - liquid and gas - liquid, in (1) and (2) mobile phase is liquid and 
gas respectively. Liquid - solid is also known as TLC where stationary phase is 
solid supported in an inert plate in a plane. Gas - solid is known as gas 
chromatography, if the mobile phase is liquid (liquid - liquid partition 
chromatography) or if it gas, it is called gas - liquid chromatography. The 
subdivision of liquid-lipid chromatography are column chromatogrnphy in which 
the liquid held stationary by inert solid in column and paper chromatography. 
Liquid chromatography: Liquid chromatography refers to the 
chromatography technique in which mobile phase is liquid such as liquid-solid 
sorption chromatography and column chromatography. This has boon 
extensively used for the fractionation and separation of organic mixtures both 
for preparative and analytical purposes. Modern liquid chromatography has 
been called high performance or high pressure liquid chromatography (HPLC). 
It has become the standard technique for column separation because of its 
increased speed, resolution, sensitivity .and its convenience for quantitative 
analysis. There is no difference in the basic mechanism involved; only the 
apparatus employed and the practice of the technique are different. The 
versatility of the technique has led the publication of numerous books and 
review articles dealing with its theory instrumentation and application. A major 
advantage of HPLc over other chromatographic technique is its ability to 
analyze non volatile, ionic, thermally labile and even biologically active 
compounds. With the development of high performance liquid chromatography 
it has become possible to solve almost all the problems of separation in short 
time. The advances of HPLC first come to the attention in 1969. However, it had 
beginning in the late 1950s with the introduction of automated amino acids 
analysis by Spackman, Stein and Moore. It has been especially useful in the 
separation of drugs and their metabolites and in the analysis of such normal 
constituents of cells as steroid nucleotides. Mass spectrometer and stopped 
flow UV scanning technique online with HPLC has been applied in the 
identification of peaks in complex biological mixture to eliminate the errors of 
post chromatographic sample handling. In modern LC close, reusable columns 
are employed, so that hundreds of individual separations can be carried out in a 
given column. Detection and quantitation are achieved with continuous 
detectors of various types. 
By definition, chromatography Is a method of analysis in which flow of 
solvent or gas promotes the separation of substances by differential migration 
from a narrow initial zone in a porous sorptive medium. Even, though 
chromatography is a universal technique but can be classified on the basis of 
the type of equilibration process involved which is governed by the type of 
stationary phase. Various bases of equilibration are : sorption (sorption 
chromatography), distribution (partition chromatography) ion exchange (ion 
exchange chromatography) and penetration (size exclusion chromatography). 
Sorption Chromatography: The stationary phase is a solid on which 
the sample components are adsorbed. The mobile phase may be liquid (liquid -
solid chromatography) or a gas (gas - solid chromatography); the components 
distribute between the two phases through a combination of sorption and 
adsorption processes. Thin layer chromatography (TLC) is a special example of 
sorption chromatography in which the stationary phase is a plane, in the form of 
a solid supported on an inert plate. 
Partition Chromatography: The stationary phase of partition 
chromatography is a liquid supported on an inert solid. Again, the mobile phase 
may be a liquid (liquid - liquid partition chromatography) or a gas (gas - liquid 
chromatography, GLC). Paper chromatography is a type of partition 
chromatography in which the stationary phase is a layer of water adsorbed on a 
sheet of paper. 
Ion exchange chromatography: Ion exchange chromatography was 
the first of the various liquid chromatography methods to be used under modern 
Lc conditions. Automated high resolution ion exchange chromatography dates 
from the early 1960 with the introduction of routine amino acid analysis. 
Basically the same technique was latter extended to the analyses of literally 
hundreds of different compounds in physiological fluid. It has also proved to be 
extensively useful for the separation of inorganic ions respectively rare earths). 
10 
multicomponents of alloys, heavy metals in industrial effluent and fission 
products of radioactive element. 
Size exclusion chromatography: Size exclusion chromatography has 
been applied to solve widely different separation problems. It is also known as 
gel permeation or gel filtration chromatography and is used for separating high 
molecular weight components such as proteins and nudeic acids. It is 
commonly divided into the techniques of gel filtration chromatography using 
aqueous solvents, and gel permeation chromatography using organic solvents 
for application to water soluble and organic soluble samples respectively. It is 
widely used for fractionating and obtaining the molecular weight distribution of 
cellulose and its derivatives. 
These are arbitrary classifications of chromatographic techniques, and 
some types of chromatography are considered together as a separate 
technique, such as gas chromatography. 
Gas Chromatography: Gas chromatography is a method for separating 
components of mixture of volatile compound. The technology and application of 
gas chromatography are almost completely independent of other 
chromatographic techniques. Gas chromatography can provide more 
information in a directly, supplanted mass spectrometry to somewhat lesser 
extent. IR for online analysis of multi-component streams. 
Gas chromatography is the most important and extensive applied 
technique for analytical purposes, e.g. determination of number of components 
in a mixture, the presence of impurities in a substance, identification of a 
compound etc. Gas chromatography was originally developed in 1941 by 
A.J.P. Martin and R.L.M. Synge (awarded Nobel Prize in 1952 for the discovery 
of gas chromatography) as a purely analytical method and A.J.P. Martin and 
A.T. James (1952) were the first to separate fatty acids by this technique. 
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Chromatography generally refers to the physical method of separation 
based on the distribution of components between the two phases - mobile and 
stationary. When gas constitute the mobile phase, it is called gas 
chromatography. Based on the nature of stationary phase the gas 
chromatography can be subdivided into gas-solid chromatography (GSC) and 
gas liquid chromatography (GLC), In gas-solid chromatography the stationary 
phase consists of an active solid adsorbent such as granular silica, abumina or 
carbon. Gas liquid chromatography is an important technique which has a 
liquid as a stationary phase distributed over the surface of a solid support. 
The main advantages of gas chromatography are given as follows: 
1. The technique has strong separation power and even complex mixture 
can be resolved into constituents. 
2. The sensitivity of the method is quite high. It is a micro method and only 
a few mg of the sample is sufficient for analysis. 
3. It given good precision and accuracy. 
4. The analysis is completed in a short time. 
5. The cost of instrument is relatively low and is life is generally long. 
6. The technique is suitable for routine analysis because the operation of a 
gas chromatography and related calculations do not require highly skilled 
person. 
Planar chromatography has found wide spread use in forensic chemistry, 
identification of drug sample and analysis of ink in suspected forgery cases. It 
includes paper chromatography and thin layer chromatography. 
Paper chromatography: Paper chromatography is quite simple and has 
been applied to isolation, identification and quantitative estimation of a wide 
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variety of organic and inorganic substances, but its use is limited by the fact that 
separations can be carried out only with fibrous materials such as cellulose. 
Paper chromatography is preferable for analytical purpose because of its 
advantage of being more reproducible and less subject to irregularities of 
solvent flow which impair separation. In 1850, Runge published a book 
describing the development of the technique for the analysis of dye mixture and 
inorganic compounds on blotting paper. 
Thin layer chromatography: TLC is a type of the liquid chromatography 
in which stationary phase is in the form of layer support by glass plate, 
aluminum foil or plastic sheet. As originally developed in 1939 and still widely 
practiced today, classical capillary action TLC in an inexpensive, rapid, simple 
and highly effective analytical technique requiring little instrumentation. A 
suitable development chamber containing mobile phase and a TLC plate is all 
that required to carry out qualitative as well as quantitative analysis. TLC is 
highly selective and flexible because of the availability of a great variety of layer 
materials and wider choice of mobile phase. 
Following are some purpose for which the TLC is of help; 
(i) Identification of substances 
(ii) Separation of two or more components of a mixture. 
(iii) Determination of amount of particular species present in a sample. 
(iv) Preconcentration or preparation of a sample, 
(v) Study of relative polarity of any solid-liquid or liquid-liquid phase. 
In TLC certain adsorbing substances such as silica gel, alumina and gel 
filtration beads etc are supported as thin layers on glass plates (now called 
chromatoplates). This technique is similar in some regards to both column 
chromatography and paper chromatography. TLC may be considerGd basically 
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for qualitative identification, quantitative separation and preparation of organic 
and inorganic materials. From the historical point of view, countable 
achievements made in history of TLC are enlisted in Table 2. 
Table 2: Important years in the history of TLC 
Year Chromatographer (a) and thoir work 
1938 Izamailov and Schraiber made unbound alumina layers and 
applied the drops of solvent to the plate to separate certain 
medicinal compounds. The procedure was called "drop 
chromatography" 
1949 Meinhard and Hall, using drop chromatography; separated Fe2+ 
and Zn2++ on microscope slides coated with alumina (adsorbent) 
+ starch (binder) 
1951 Kirchner et. al used glass plates to support the layer,, developed 
the plates by ascending technique and coined the term 
chromatostrip for his layers. 
1958 E. Stahl introduced the term chromatography and standardized 
the materials, pro'cedures and nomenclature involved in TLC, 
1965 Przybylowicz et. al discussed the importance of precoated TLC 
Plates. 
1976 Zlatkis and Kaiser modernized TLC in the form of a highly 
instrumental technique and named as high performance TLC 
(HPTLC). 
1979 Tyihak et, al applied extra force for the movement of solvent and 
introduced over pressurized layer chromatography (OPLC) 
TLC is considered to be superior to other chromatographic techniques 
because: 
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(i) Identification and separation by TLC can be carried out quickly; 
excellent separation can be obtained with thin layers in 20-40 
minutes. 
(ii) It is a versatile technique and can be applied to a wide variety of 
compounds, both organic and inorganic. 
(ill) Fine particle size of most thin layer media gives improved 
resolution and compact spot. 
(iv) It is applicable to the analysis of thermally labile compounds. 
(v) Corrosive reagents and acids can be sprayed on thin layer 
chromatoplates without any adverse effect. 
(vi) It is more sensitive and gives sharper zones. Diffusion is 
minimum. 
(vii) TLC plates can be heated to higher temperature causing any 
damage to it. 
(viii) The capacity of thin layers of an adsorbents is higher than that of 
paper. 
TLC has been employed in every branch of organic chemistry especially 
in instance where crystallization is difficult under normal conditions and samples 
are not amendable to GC. The discovery of TLC is usually ascribed to 
Iszmailov and Schraiber who utilized layers of alumina on glass plates for the 
separation of extracts of medicinal plates. However, the first publication with 
the title "Thin layer chromatography" appeared in 1956 by Stahl. 
Electro chromatography: Electro chromatography is a hybrid of 
capillary electrophoresis and HPLC that offers some of the best features of 
each of the two techniques. Two types of capillary electrochromatography have 
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been developed since the early 1980s: packed column and micellar electro 
kinetic capillary. 
Capillary electrochrommatography (CEC) appears to offer several 
advantages over either of the parent technique. First, like HPLC, it is applicable 
to the separation of uncharged species. Second, like capillary electrophoresis, 
it provides highly efficient separations on microvolumes of sample solution 
without the need for a high pressure pumping system. In electro 
chromatography, a mobile phase is transported through a stationary phase by 
electrosmotic-flow pumping. 
Electro chromatography based upon pakced columns is the least mature 
of the various electro separation techniques. Separation depend upon the 
distribution of the analyte species between the mobile phase and the liquid 
stationary phase held on the packing capillary electrophoresis carried out in the 
presence of micelles is termed micellar electrokinetic capillary chromatography. 
This technique involved introduction of surfactant, such as sodium dodecyl 
sulphate (SDS) at a concentration level at which micelles form. Micelles form in 
aquous solutions when the concentration of an ionic species, having a long 
chain hydrocarbon tail is increased above a certain level called the critical 
micelle concentration (CMC). In this technique surfactant are added to the 
operating buffer in amounts that exceed the critical micelle concentration. One 
advantage that this hybrid technique has over HPLC is much higher column 
efficiencies. 
Electrophoresis 
Electrophoresis is the study of electromigration of ion and colloidal 
materials and has scored notable success in the fractionation, separation and 
identification of micro amounts of high and low molecular weight substances 
such as lipoproteins, amino acids and metal ions. Under favourable condition 
substances are not only separated totally from the mixture but may be 
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recovered almost completely. It was Initially reported by Jorgenson and Lucas 
in 1984, 
Electrophoresis is a separation metliod based on the differential rate of 
migration of charged species in a buffer solution across which has been applied 
a d.c. electric field. This separation technique was first developed by the 
Swedish chemist Arne Tiselius in the 1930s for the study of serum proteins; he 
was awarded Nobel prize in 1948 for this work. 
For many years, electrophoresis has been the power house method of 
separation of proteins, enzymes, hormones, antibodies and nuclei acid (DNA, 
RNA). 
An electrophoretic separation is performed by injecting a small band of 
the sample into an aqueous buffer solution that is contained in a narrow tube or 
on a flat porous support medium such as paper or a semi solid gel. A high d.c. 
potential is applied across the length of the buffer by means of a pair of 
electrodes located at either end of the buffer. This potential causes ions of 
sample to migrate toward one or the other of the electrode. The rate of 
migration of a given species depends upon its charge and also upon its size. 
Separations are then based upon differences in charge-to-size ratios for the 
various analyte in a sample. The large this ratio, the faster an ion migrates in 
the electric field. 
Types of Electrophoresis 
Electrophoretic separations are currently performed in two quite different 
formats: one is called slab electrophoresis and the other capillary 
electrophoresis. The first is the classic method that has been used for many 
years to separate complex, high-molecular-weight species of biological and 
biochemical interest. Slab separations are carried out on a thin flat layer or slab 
of a porous semi solid gel containing an aqueous buffer solution within its 
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pores. Samples are introduced as spots or bands on the slab, and a dc 
potential is applied across the slab for a fixed period. When the separations are 
judged complete, the current is discontinued and the separated species are 
visualized by staining in the same way as in TLC. 
The advances in EP leads to the development of capillary 
electrophoresis which has found the acceptance for the rapid and efficient 
separation of especially biopolymers and in the field of DNA and 
pharmaceutical analysis, Capillary electrophoresis is more advantageous in 
comparison with slab electrophoresis. Capillary electrophoresis yields high 
speed, high resolution separations. Potentials of 20,000 to 60,000 V are 
commonly used with capillary electrophresis, and these high potentials leads to 
corresponding improvements in speed and resolution, Capillary electrophoresis 
normally yields plate counts in the range of 100,000 to 200,000 when a high 
potential is applied across a capillary tube containing a buffer solution, 
electrosmotic flow usually occurs, in which the solvent migrates toward the 
cathode or the anode. 
Capillary electrophoretic separation are performed in several ways called 
modes. These modes includes: 
(1) Capillary zone electrophoresis (CZE) 
(2) Capillary Gel electrophoresis (CGE) 
(3) Capillary isoelectric focusing (CIEF) 
(4) Capillary isotachoporesis (CITP) 
Capillary Zone Electrophoresis : In capillary zone electrophoresis 
(CZE), the buffer composition is constant throughout the region of separation. 
The applied potential causes the different ionic components of the mixture to 
each migrate according to its own mobility and to separate into zones that may 
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be completely resolved or may be partially overlapped. Completely resolved 
zones have regions of buffer between them. 
A variety of small synthetic herbicides, pesticides and pharmaceutical 
have been separated and analyzed by CZE. Proteins amino acid, and 
carbohydrates have all been separated in minimum times by CZE. 
tonography and zone electrophoresis share the many advantages of the 
more classical moving boundary method of EP in non stabilized electro-lytes 
and separation involve a minimum risk of altering the chemical nature of 
substances, a feature of great importance to biochemists, who so often work 
closely related and easily altered compounds in physiological fluids. 
Capillary gel electrophoresis: Capillary get electrophoresis (CGE) is 
generally performed in a porous gel polymer matrix, the pores of which contain 
a buffer mixture in which the separation in which the separation is carried out. 
This type of sieving action is particularly helpful such as proteins, DNA 
fragments and obligonucleotides. The most common type of gel used in 
electrophoresis is a polyacrylamide polymers other gels used for capillary gel 
electrophoresis include agonies, a polysaccharide and a polyethylene glycol. 
Pulse field capillary gel electrophoresis (PFCGE) is now emerging as a 
promising technique to improve the separation of nucleic acids as well as 
biopolymers. 
Capillary Isotachophoresis: In capillary isotachophoresis (CITP) all 
analyte bands ultimately migrate at the 'same velocity, hence the name ISO for 
same and tach for speed. In a separation, the sample is infected between two 
buffers: a leading one containing ions of a higher mobility than any of the 
analyte ions and a terminating one with ions of a lower mobility than the sample 
ions when the potential field is first applied in an isotacho phoretic separation, 
analyte ions migrate as in zone electron phoresis, each ion with its unique 
velocity given by the product yieE. 
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Capillary isoelectric focusing (CIDF): Capillary isoelecli ic locusiny 
(CIEF) is used to separate amphiprotic species, sucl^  as amino acids and 
proteins that contain a weak carboxylic acid group and a weak base amino 
group. 
An amphiprotic compound is a species that in solution is capably of both 
donating and accepting a proton. A typical amino acid such glycine is an 
amphiprotic compound. When glycine is dissolved in water three important 
equilbria operate. 
NH2CH2COOH ^ NH-^'CH^COO' (1) 
NH3'CH2COO' - ^ NHsCHzCOO' + HaO' (2) 
NH3'CH2COO>H20 - ^ NHs'CHaCOOH + OH" (3) 
The amino acid product in Equation (1) bearing both a positive and 
negative charge is called a Zwitterion. Equation (2) and (3) the Zwitter ion of 
glycine is stronger as an acid than a base. Thus are aqueous solution of 
glycine is some what acidic. The Zwitter ion of an amino acid containing as it 
does a positive and a negative charge has no tendency to migrate in an electric 
field. The pH at which no net migration occurs is called the isoelectric point (pi) 
and is an important physical constant for characterizing amino acids 
Electrophoretic methods are mole sensitive than other methods. 
Electrophoresis has been applied to a" variety of difficult analytical separation 
problems: inorganic anions and cations, amino acids, catecholamines, drugs, 
vitamins, carbohydrates, peptides protein, nucleic ands, nucleotides, 
polynucleotides and numerous other species. 
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Ion-exchange chromatography 
Amongst all the chromatographic technique ion-oxchango 
chromatography is considered to be most versatile method and is particularly 
helpful in the separation of ions of similar properties. The separation is achieved 
on the basis of the difference between the sorbabilities ionic species. It has 
proved to an excellent tool for rapid and accurate determination of constituents 
of alloys, biological substances and fission products of radioactive element has 
become possible with ion exchangers. A large number of research papers 
published every year tell of amazing applications of the separation of such 
similar substances as the rare earths, actinides, transition metals, amino acids, 
carbohydrate, protein, phosphates, complex ions and even isotopes. Ion 
exchange techniques have become standard method in the discovery and 
isolation of trace amount of actinides and in the study of protein hydrolysates. 
Ion exchange resin has certainly provided its ability to make amazing 
separations. Ion exchange chromatography is a powerful but cumbersome tool. 
Industrial applications of ion exchange have been limited in the metal finishing 
industry, water softening, extraction of metal from ores and separation of rare 
earths. 
Ion exchange is inherently a stoichiometric process. The ion exchange 
process, involving the replacement of the exchangeable ion Ar of the resin by 
ions of like charge Bs from a solution is represented as 
Ar + Bs ^Rr + As 
The process is reversible, and for ions of like charge the selectivity coefficient 
K, is defined by 
KB [B]r[A]s 
A-RTIBF 
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Where the terms in brackets represent the concentrations of ions A and 
B in either the resin or solution phase, The values of selectivity coefficients are 
obtained experimentally. Thus if K^ >1 the resin shows a preference for ion B, 
where as if K^ < 1 its preference is for ion A; this applies to both anion and 
cation exchanges. Ion-exchange is a reversible interchange of like ions 
between a solid phase (ion-exchange material) and a liquid phase in which 
there is a no permanent change in structure. The principle of ion-exchange 
chromatography is based upon the simple fact that different cations (or anions) 
have different capacity to undergo exchange reaction on the surface of a given 
exchanger. The capacity of on ion to undergo exchange reaction has been 
found to depend upon the charge and the sizes of the hydrated ion in solution. 
Under similar conditions the capacity has been found to increase in the charge 
on the ion (i.e. the valency of the ion) but has been found to decrease with the 
increase in the size of the hydrated ion. 
If we compare the hydrated ions of the same size, it is observed that the 
ionic charge plays an important role to determine their capacity to undergo 
exchange reactions. According to this view, the capacity amongst cations has 
been found to decrease in the following order. 
Th''> A P ' > Ca2% Na" 
Similarly, the capacity amongst anions of same size has been found to 
decrease in the following order 
Amongst the univalent cations the capacity has been found to decrease 
in the following order 
H'>CS'> Rb'> K'> NH/>Na*> Li' 
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Amongst the double charged cations, the capacity has been found to 
decrease in the following order. 
Ba'^ > Pb'* > Sr" > Ca'* > Ni'^ > Cu'* > Co'' > Zn^' > Mg'^ 
Amongst the univalent anions, the capacity has been found to decrease 
in the following order. 
1 > No'2 > Br'> Cn'> C > OH' I' 
If the active polyvalent ion in a resin is to be exchanged with anion of 
lower valency, the exchange has been found to be a favourable by using much 
higher concentration of the solution. 
The quality of an ion exchange its capacity which in turn depends upon 
the total number of ion active groups per unit weight of the material. Greater 
the number of ions, the greater the capacity of the resin for the exchange 
process. The efficiency of the resin has been found to depend upon the 
degree of cross-linking i.e. the greater the cross linking, the higher the efficiency 
of the resin. 
Ion exchange is a diffusion process. Its mechanism is a redistribution of 
the counter ions by diffusion. The co-ion has relatively little effect on the kinetics 
and the rate of ion exchange, The rate determining step in ion exchange is inter 
diffusion of the exchanging counter ions either within the ion exchanger itself 
(particle diffusion) or in an adherent liquid 'film' which is not affected by agitation 
of the solution (film) diffusion. Film diffusion control is favoured by high capacity, 
low degree of cross linking and small particle size of the ion exchanger; by low 
concentration and weak agitation of the solution; and by preference of the ion 
exchanger for the counter ion which is taken up from the solution. In the 
theoretical treatment of ion exchange kinetic, the ion exchange is considered as 
a quasi homogenous phase. Ion exchanger membranes combines the ability to 
act as a separation will between two solutions with the chemical and 
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electrochemical properties. When in contact with electrolyte solution of low or 
moderate concentration, the membrane a targe number ot counter ions but 
relatively few co-ions. Counter ions are admitted to the membrane a little 
difficulty in passing through from one solution to the other. Co-ions on the other 
hand are rather efficiently excluded from the membrane and thus find it difficult 
to pass through. The membrane is permselective for counter ions. Any counter 
ions. Any counter ions which leave the on exchanger are replaced by an 
equivalent amount of other counter ions. This is a consequence of the 
electroneutrality requirement. When counter ion moves out into the solution, 
the ion exchanger is left with an electric surplus charge which it must 
compensate by taking up another counter ion. The total counter ion content (in 
equivalents) thus remains constant irrespective of ionic composition. 
Ion exchange chromatography came into existence in late 1960s with the 
introduction of routing amino acid analysis. Basically, the one same technique 
was later extended to the analysis of literally hundreds of different compounds 
in physiological fluid. It has also proved to be extensively useful for the 
separation of inorganic ions (especially rare earths). Multi-components of alloys, 
heavy metals in industrial effluents and fission products of radioactive elements. 
Ion pair chromatography as adapted to modern. LC is of comparatively recent 
origin being first applied in the mid 1970s, the rapid acceptance of ion pair 
chromatography as a new high performance liquid chromatography owes much 
work by Schill et al. the current popularity of IPC arises mainly from the 
limitations of exchange chromatography and from the difficulty in handling 
certain samples by other liquid chromatographic methods. This method permits 
the rapid selective separation of ionizable molecules, drugs, biogenic amines, 
dye stuffs etc. and amenable to both microanalytical and preparative use, 
Although the technique of ion exchange is of recent ongin but its history 
is very old. Ion exchange is basically a process of nature occurring throughout 
the ages from even before the dawn of human civilization. Aristotle [1] stated 
24 
that the sea water loses part of the salt content when filtered through certain 
type of soil. The ion-exchange properties of wood cellulose in the first case 
when the bitter water converted to drinking water and that of silicates the 
second case, might have played the role for the improvement of the taste of 
water. The theoretical developments and finer aspects were however exploited 
centuries later. 
Ion exchange was originally discovered to take place in soils by 
Thompson [2] and by Way [3] and Roy in 1850. It was found when soils were 
treated with ammonium salt solutions, ammonia was taken up by the soil and 
an equivalent amount of calcium was released. It was also shown that a 
number of other salt besides those of ammonia are capable of doing ion-
exchange phenomenon. 
Ca-Soil + NH^SO^—— ^ NH^-Soil + CaS04 
Harm [4] in 1896 successfully applied the ion-exchange for commercial 
purposes. He removed sodium and potassium ions from sugar beat juice by 
using a naturally occurring cation exchange silicate minerals. The ion 
exchanger made possible the isolation of Promethium [5] and the analytical and 
technical separation of rare earths. In general we can say that whichever pair of 
elements one can choose from the periodic table (except the inert gases) they 
can be separated using ion-exchanger. Classical methods of analysis such as 
precipitation; filtration etc. involve long and complicated separation operations. 
But using ion-exchangers, separation can be carried out with a smaller aniount 
within a shorter time and the components can be subsequently determined 
using rapid instrumental or titrimetric methods. 
Ion-exchangers are insoluble solid materials which carry exchangeable 
cations or anions. These ions can be exchanged for a stoichiometrically 
equivalent amount of other ions of the same sign when the ion-exchanger is in 
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contact with an electrolyte solution. Carriers of exchangeable cations are called 
cation exchangers & carriers of exchangeable anions are termed as anion 
exchanger. Certain materials are capable of exchanging both cation and "anion 
and termed as amphoteric ion exchangers [6]. 
A cation Exchange reaction is represented as-
2NaX + CaCl2(aq.) ~ CaXz + 2NaCI (aq.) 
An anion exchange reaction is represented as -
2XC1 + Na2S04(aq.) ^ X2S04+2NaCI aq. 
Common exchange functional groups [7]. 
CATION EXCHANGERS ANION EXCHANGERS 
- SO3H -NH2 
-COON -NHR 
-OH -NR2 
-PO3H2 -NR3 
Cation Exchangers 
Cation exchanger contain acidic functional groups added lo the aioniallc 
ring of the resin. The strong acid cation exchangers have sulfonic acid groups -
SO3H which are strong acids. The weak-acid cation exchangers have carboxylic 
acid groups, -CO2H, which are only partially ionized. The protons on these 
groups can exchange with other cations: 
nRzSO-H^+M"^^z=^(RzS03)nM + nH^ (a) 
and 
n R z C O - H " + M " ^ ^ = ^ ( R z C 0 2 ) n M + nH^ (b) 
26 
Where Rz represents the resin. 
Cation exchange resin are high molecular weight, cross linked polymers 
containing such functional groups as phenolic, sulphonic, carboxylic and 
phosphorous when a cation exchanger is kept in a solution of a salt, some of 
the H* ions of the resin enter the solution and in equivalent amount of the 
cations of the salt get attached to the resin. This reaction may be representated 
as follows: 
HnR + nNa' : ^ = ^ NanR + nH* 
(Resin) (Solution) (Resin) (Solution) 
The reaction with calcium ions is represented as follows: 
2NanR + nCa^'-—^ CanR2 + 2nNa* 
Anion Exchanger: Basic groups on the resin in which the hydroxyl 
anion can be exchanged with other anions make up the anion exchange resins. 
Anion exchange is a polymer having amine or quaternary ammonium groups as 
integral parts of the resin and an equivalent amount of anions such as CI, 804^', 
OH' ions etc. These anions are mobile and exchangeable. 
nRz N R ; OH" + A " - ^ = ^ (RzNRj )n + nOH" 
and 
H R Z N R ; O H + A"•^=^(RzNH3)nA + nOH-
Where R represents organic groups, usually methyl. 
Diphenyl ether first choloromethylated, then the product undergoes 
condensation in presence of Feds catalyst and then reacted with (CH3)3 K to 
give anion exchange resin. Condensation of epichlorohydrin and an amine 
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group, condensation product of ammonia and epichlorohydrin give anion 
exchange resin. 
Many different natural and synthetic products show ion-exchange 
properties. In 1934 two new types of material were invented. The first was a 
sulphonated coal developed in Germany and the second was a phenol 
formaldehyde invented by Adams and Holmes at the National Physical 
Laboratories in England. The virtually simultaneous development of relatively 
stable synthetic cation and anion exchange made the demineralisation process 
of water possible. This has since become the most used and important 
application of ion-exchange. The material produced by Adam & Holmes though 
relatively unstable by today's standard yet found considerable industrial 
applications. Progress was so rapid that the first industrial scale 
demineralisation plant in the world was built in Great Britain in 1937. 
Later on Gans [8] developed large scale applications of cation exchange 
phenomenon on inorganic material such as sodium aluminosilicate, 
(Na20.Al203.nSiO2) n=1-17, which was synthesized by him. Gallium and 
Germanium analogues have been prepared e.g. gallogermanate and 
aluminogermanate [9] silicates of zirconium [10], titanium [11], bismuth [12], iron 
[13], zinc [14] have also been prepared. To a large scale Gan's synthetic cation 
exchanger replaced the naturally occuring exchangers such as zeolite. 
The revival studies of inorganic ion exchanger can be ascribed to many 
reasons. Prominent among these has been the discovery of novel synthetic 
zeolites because the ion exchange properties of these aluminosilicates are 
critical to their current economic importance as detergent builders, cracking 
catalysts, molecular sieves and their potential applications in wastewater 
treatment, aghculture and horticulture. Finally, the advent of nuclear technology 
in the post World War II ear initiated a search for highly selective ion exchanges 
that would be more stable to high temperatures, radiation field, chemicals and 
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of more convenient properties than commercial organic and natural inorganic 
(soils, clay minerals etc) ion exchangers to treat nuclear waste. 
The greatest attention has been paid to synthetic zeolites as their 
molecular and ion sieve properties are useful for analytical applications. The 
zeolite may be regarded as being derived from the formulae (Si02) by replacing 
silicon by aluminium to varying extents. The general formula, for zeolites, is 
MX/n [(AI02)x (Si02)y]zH20 where M is a metal cation with valence n and y/x 
usually varies from I to 5. Zeolites and their sorption properties are 
characterized by the free diameter of their cages, windows, inner channels and 
unit cell compositions. Synthetic aluminosilicates can be approximately related 
to their naturally occurring analogues. The few selected zeolites with their 
composition and exchange capacity are listed in the Table-3. 
Zeolites are crystallian aluminosilicates and known as molecular sieves 
and have the ability to remove ions (selectively) from solutions. A recent 
application of zeolite selectively involves the use of synthetic ultramine to 
separate the francium isotopes Fr^ ^^  from its actinium parents and other 
activities [15]. 
The first attempt to synthesize synthetic ion-exchangers resembling with 
natural zeolite were made more than 50 years ago. The first cation exchangers 
which becomes commercially available were prepared by fusion of mixtures of 
soda and potash, felspar and kaolin. During last 20-30 years the inorganic ion 
exchangers have formally occupied their own position. Among the ion-
exchange materials, the term "Inorganic Ion exchanger" is used in the title of 
monograph by Amphlett [16] which describe the rapid development of these 
materials and their applications, "Inorganic Ion-exchangers are receiving 
increasing attention due to the fact that they are resistant to heat and radiation. 
They can be used for the high temperature separation of ionic components in 
radio active waste as solid electrolytes and as catalysis. 
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Table - 3: Selected Zeolites with their composition and exchange 
capacities. 
Zeolite 
1. Edingtonite 
2. Natrolite 
3. Stilbite 
4. Heulandite 
5. Analcite 
6. Chabazite 
7. Leucite 
8. Sodalite 
9. Cancrinite 
Composition 
(a) FIbrolls Zeolites 
Ba(Al2Si30io).4H20 
Na2(Al2Si30io).2H20 
(b) Lamellar Zeolites 
NaCo 1/2 (Al2Si308). 3H2O 
Ca(Al2Si60i6).5H20 
(c) Three dimentional zeolite 
Na(A1Si206).H20 
(Ca1/2Na){A1Si206). 3H2O 
(d) Felspathoids 
K{A1Si206) 
Na(A1Si04)2/3NaCl 
(Na, Ca, 1/2)(A1Si04). 2/3 
(Na2, Ca) CO3. 
Exchange capacity 
meq/g 
3.90 
5.30 
3.20 
3.30 
4.50 
4.00 
4.60 
9,20 
10.90 
Kraus et al [17,18] and Amphlett [19,20] in this field have done the 
excellent work. The work upto 1970 has been condensed by Pekarek and 
Vesely [21], Clearifield [22,23,24]. Alberty [25,26] and Walton (27,28) have also 
worked on different aspects of synthetic inorganic ion-exchangers. Qureshi and 
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coworkers have prepared a large no. of such materials and studied their ion-
exchange behaviuour during the last 20 years [29,3031,32,33,34,35]. 
inorganic ion-exchange material is practically classified on the basis of 
the chemical characteristics of the ion-exchanging species appears still useful 
as proposed by Vesely et al [36]. 
1. Hydrous oxides, 
2. Acidic salt of multivalent metals. 
3. Salts of heteropoly acids 
4. Insoluble ferrocyanides 
5. Synthetic aluminosilicates 
Hydrous oxide of different metals such as bivalent, trivalenty tetravalent, 
pentavalent and hexavalent are found v\/hich have been used as a successful 
adsorbents to adsorb radio nuclides in trace concentration in TLC for ion 
separation in great variety of applications. The hydrous manganese dioxide with 
rather unusual selectivity sequence for alkali- metals has been described by 
Tsuji [37]. Study of preparation of hydrous tin(lV) oxide ion-exchangers has 
been made, tnoue and coworkers [38] have studied the isotopic exchange rate 
of sodium ions between the hydrous tin (IV) oxide in the Na+ form and aqueous 
solution of sodium salt. 
A wide range of compounds of acidic salts of multivalent metals has 
been described as ion-exchangers. The renaissance of the practical application 
of these substances is closely connected with the development of nuclear 
science and also with the modern, more exact approach to the understanding 
and elucidation of sorption processes as first presented by Clearfield et al 
1982'. Among metals studied have been Zirconium, Thorium. Tetanium, Cerium 
(IV), tin(IV) etc. and anions employed include phosphate, arsenate, antimonate. 
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Vandate silicate etc. These salts acting as cation exchangers are gel like or 
micro-crystalline materials and possess mostly a high chemical, temperature 
and radiation stability. The cation exchange properties arise from the presence 
of readily exchangeable hydrogen ions, associated with the anionic groups 
present in the salts. 
Tetravalent metals were studied most extensively as a synthetic 
inorganic exchangers, zirconium phosphate shows amorphous [39,40,41], 
Semicrystalline [42,43] and crystalline properties [45]. Clearfield and others 
[42,44,45,46,47,48] have tried to solve the structure of a-Zirconium phosphate. 
Till date a large number of inorganic ion exchangers have been 
synthesized. Some synthetic inorganic ion exchangers, their compositions and 
their ion exchange capacities are listed in Table 4 [49-98], 
Table 4: Properties of some ion exchange materials prepared earlier 
Material 
Zirconium 
phosphate 
Types of 
ion 
exchanger 
Composition Empirical 
formula 
I.E.C. 
meq/g 
Selectivity 
Cs*'Rb*, 
K*, Na*, 
Eu=', Sr'*, 
Ref. 
[49,50,51] Amorphous P/Zr = 0.5-2.1 Zr(0H)P04 
ZrO(HP04) 
Zr3(P04)4 
Semi 
crystalline - - -
Ni '^ Zn^* 
Li; K; H\ 
Cs* 
[52,53] 
Crystalline - Zr(HP04)2.H20 - sr^: 
uo2'^ 
Ce^ ^ 
Zirconium 
pyro-
phosphate 
Amorphous P/Zr=2.0, 2.5, 
2.8 
- - cu'^ Ni'^ 
Na*, Ca'*, 
[54, 55] 
. . . J 
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Continued Table 4 
Zirconium 
hypo-
phosphate 
Amorphous Zr/P=0.57 - - Multivaie 
nt metals 
[56] j 
1 
Zirconium 
poly-
phosphate 
Amorphous Na*, K\ 
Cs\ Li* 
(NH'* 
form) 
[57] 
1 
! 
Ba^\ 
Co-", 
Cu'*, Fe^^ 
[58] 
1 
1 
(H* form) 
Zirconium 
antimonite 
Amorphous ZrO2.Sb2O5.nH2O Na*, K^ 
NH4*, 
Rb*, Cs*, 
Li* 
[59] 
Zirconium 
arsenate 
Amorphous As/Zr=1.53-
1.96 
Zr02.84As205nH20 4.30 Na*,K*, 
Cs* 
[60] 
1 
1 
Cystalline - Zr(HAS04)2.H20 5,10 Li*, Na*, 
K* 
[61] 
Zirconium 
molybdates 
Amorphous Zr/Mo=0.5-
2.00 
- 2.18 - [62] 
Zirconium 
tungstate 
Amorphous Zr/W=1,0-
0.44 
- - Alkali 
metals 
[63] 
Zirconium 
tellurate 
Amorphous - Zr(H2Te06).4H20 2.80 - [64] 
-7-
jZirconium 
joxalate 
Crystalline - Zr(OH)C204H 2.50 Alkali 
metals 
[65] 
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Continued Table 4 
1 Zirconium I Amorphous 
'silicate 
Zr/Si = 0,5 3.18 A g ' . C a " , ! [66) 
Cu'-, Cr^' i 
I 
jzirconium lAmorphous \ Fe/Zr = 0.63 
ferrocyanide 
0,96 
Zirconium 
oxide 
Amorphous 
NH4 + , Li+, 1 [67] 
Na+, Zn2+ 
Zr02.4.7H20 1.0 Ca'*, Ba'* 
Zr02.2.2H20 C u ' \ Zn ' ^ 
cd'^ co^ * 
[68] 
[69] 
{Zirconium Amorphous 
'selenite ; 
Zr/Se= 1.23 0.48 Ag*, Cu'* 
Au'* 
[70] 
jZirconium {Amorphous 
{vanadate ' 
2.00 [71] 
Thorium 
phosphate 
Crystalline Th/P04 = 0.5 Th (HP04)2.2H20 0.77 Ca^\ Sr^*, 
Ba^* 
[72] 
Fibrous ThO2.P2O5.2H2O 3.80 [73] 
Thorium 
arsenate 
Crystalline As/Th= 1.53 Th(HAS04)2.H20 0.20 Li* [74] 
'Thorium Amorphous 
I 
^molybdates 
Th/Mo=0.50 0.75 
Thorium 
oxide 
Amorphous Th(0H)n.nH20 
Titanium 
phosphate 
Amorphous P/Ti = 0.6-2.0 Ti02.0.65P205. 
nHzO 
(Ti0)p.535 
(H2PO4)0.369 
(0H),77.1.1H20 
Pb2+. Fe3+,i [75] 
Zr4+ 
2.00 Na*, Rb*, 
Ca2*, Sr^* 
[76] 
[77, 78, 
79] 
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Continued Table 4 
Crystalline P/Ti=0.6-2.0 
TiHz (P04)2, 4H2O 7,50 Cs' 
Ti(HP04)2H20 I 7.00 I N a \ Nb'*, 
[80] 
iTitanium |Amorphous 
arsenate 
Crystalline 
Ti(HAS04)2.2.5H20 
TiO2.0.5AS2O5. 
nHzO 
Ti(HAS04)2.H20 
1.00 
5.80 
Ba2*, Sr^*, 
1 
1* Cd 
Z n ' \ Cu^\ 
[81,82, 
83] 
Pb 2+ 
[84] 
Titanium 
selenite 
Amorphous Ti/Se = 1,39 0,78 Cd 2+ [85] 
Titanium 
silicate 
Amorphous Ti/Si = 1.0 3.62 L i \ Na*, 
K^ pb ' ^ 
Cr=^ 
[86] 
Cerium 
phosphate 
Amorphous 
Crystalline 
P/Ce=1,05, 
1,95 
P/Ce = 1.50 
Ce3(OH)8 
(H2P04),nH20 
Ce2(HP04)3.H20 
2.90 Li*, Na^ 
K*, Rb*, 
Cs* 
Ag+, Na+, 
Cs+ 
[87] 
[88] 
Cerium 
arsenate 
Crystalline As/Ce=2.0 Ce(HAS04)2.2H20 4.30 Li*, Na* 
K*. Cs* 
Cerium 
tungstate 
Amorphous Ce/W = 0.49 0.89 2 * A | 3 » Hg'*, Al 
Cerium 
oxide 
Amorphous 
Stannic 
phosphate 
HzO/CeOj 
=3,0 
Amorphous P/Sn=1.25-
1,5 
SnO2,0,62P2O5, 
nHjO 
0,99 
1.20-
1.44 
Cu-
Li*, Na*, 
K*, Rb*, 
Cs', Cu-" 
Zn^ ; Ni'* 
Co^* 
[89] 
[90] 
[91] 
[92, 93] 
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Continued Table 4 
Crystalline 
j Stannic 
arenate 
1 Amorphous Sn/As = 1.84 
Crystalline 
Sn02,P205.2H20 4,70 Zr^  [94, 95) 
0.79- 1 Pb^'. A l " , I [96-971 
0.94 1 Fe^*, Ga'*, j 
SnO2.As2.O5.2H2O 3.80 Li*, Na*,K* [98] 
A few analytically important application of phosphate exchanger have 
been cited below: 
1. Purification of reactor coolants [99] 
2. Decontamination of D2O [100] 
3. Decontamination of radioactive waste water [101] 
4. Cs form and reprocessing solution [102] 
5. PU'*'', from irradiated uranium [103] 
The parent acids of these salt are the 12-heteropolyacids with the 
general formula HmXYi204o.nH20 where m=3,4,5. X can be phosphorous, 
arsenic, silicon, germanium and boron and Y one of the number of different 
elements such as molybdenom, tungston and vanadium. Much of subsequent 
investigations of ion-exchange properties of these salts have been carried out 
by Smith & Robb [104], Three component ion-exchangers show superiority over 
simple salts mainly in three aspects. They are more thermally and chemically 
stable and other more selective [105]. 
Qureshi and Qureshi [106] have presented a review on the applications 
of ion-exchange methods in radiochemical separations which is needed in 
activation analysis, waste processing, fuel processing or reactor coolnnl wotor 
purifications. 
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Aluminosilicates can be divided into three main group. 
1. Amorphous substances. 
2. Two dimensional layered aluminosilicate. 
3. Three dimensional structure zeolites. 
Inorganic ion exchangers have too many applications in analytical 
chemistry: 
1. Water pollution control, removal of air pollutants. 
2. Removal of interfering ions. 
3. Recovery of precious metals. 
4. Preparation of dionized water. 
5. Water softening. 
6. Determination of total salt. 
7. Separation of metal ions 
8. Separation of organic & biologically important substances. 
9. Concentration of trace constituents. 
10. Specific spot test. 
11. Location of end point in titrations. 
12. Gas chromatography, electrophoresis separations. 
13 Preparation of ion selective electrode. 
14, Preparation of ion exchange fuel cell. 
In 1931 Kullgre [107] observed that sulfide cellulase work as an ion-
exchanger for the determination of Cu. In 1935 Adam and Holmes [108] found 
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ion-exchange properties in crushed phonograph. This interesting discovery led 
the inventors to the synthesis of organic ion exchange resins which have much 
better properties. This led the investigators to develop synthetic ion exchange 
resins. These resins were developed and improved, by the former Farben 
industry in Germany and after World War 11 chiefly by Companies in the united 
state and England. Nearly all current industrial and laboratory applications of 
ion exchange are based on these resins. At the same time the synthesis of 
organic resins made it possible to vary the properties of ion-exchanger in a 
systematic manner. A large part of our present knowledge is due to the latter 
fact. 
Synthetic organic ion exchangers can be prepared either by 
condensation of phenol (Resorcinol, hydroquinone. Para and metaphenol 
sulphonic acid etc.) with formaldehyde or other aldehyde in the presence of acid 
or base as catalyst or by polymerization of styrene and divinyl benzene. 
It is important to note that the product should be made under identical 
condition and degree of condensation should be identical. The degree of 
crosslinking of the product can be controlled to some extent by choosing proper 
base materials. A common disadvantage of condensation type of ion exchange 
resin is that they also contain phenotic hydroxyl group besides the strongly 
acidic weakly acidic or weakly basic groups. 
The polymerization type products are superior to condensation type ion 
exchange resin. The polymerization type products are more uniform and their 
production is much more controllable. The first polymerization type of ion-
exchanger was produced by D'Alelio [109] in 1945 and first ion exchange 
membrane were produced by Juda and MC Rae [110]. The polymeric ion 
exchangers which are commercially available are based mainly on cross-linked 
polystyrene [111]. In essence one part is a large permeable insoluble, non-
diffuseable ion containing mainly of the basic resin structure. Its counter part is 
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an ion of equal but opposite charge, smaller size and almost unlimited ability to 
migrate with the under exchange reactions. A typical resin is prepared by the 
copolymerization of styrene and divinyl benzene. 
CH=CH2 CH=CH2 
Styrene CH=CH2 
Divinyl benzene 
CH—CH2—CH—CH2—CH—CH2— 
Fig. 1: Copolymerization of styrene and divinylbenzene 
The quantity of DVB employed is to control the degree of crosslinking in 
the polymer. The ionic group attached to the skeleton of the resin determines 
the nature of the exchange characteristics. 
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Cation exchanger are produced when acidic functional groups are 
introduced into the resin structure. Anion exchanger are produced when basic 
functional group are introduced. 
The number of crosslinkage is governed by divinyl benzene to styrene 
ratio A representative type of strong cation exchange resin is Dowex-50 WX8 
manufactured by Dow chemical Company. 
Styrene divinyl benzene cation exchange resin are classified as follows 
[112]. 
Strong Acidic Weak Acidic 
-RSO3H -RCOOH 
Dowex 50 Wofatite C 
Amberlite-IR-120 Amberlite 45-C 
Similarly Anion exchange resin can be classified as follows. 
Strong base type Weak base type 
-quaternalyamine 
Dowex 1X8 Dowex - 3 
Dowex 21K Amberlite IR-48 
Amberlite IRA-400 Wolfatite-M 
Commercial ion exchange resins and their important applicytioiis uiu 
enlisted in Table 5. 
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These resins were stable towards acids, fairly stable in bases. The 
structure can be varied as desired therefore the difficulties observed with 
zeolites and clays were removed by introduction of resins. Since then the 
organic ion exchange have been used both in laboratories and industries for 
separation, recoveries of metals, deionization of water, concentration of 
electrolytes and elucidating the mechanism of a great many reactions [113], 
Another group of Resin, highly crosslinked polystyrene containing the 
active group -CH2N(CH2COOH)2 and show superior selectivity in their sorption 
of various metallic cations known as chelating resin. 
Anion-exchange resin [114] of strongly basic type are much more useful 
than weakly basic resins. It can be used for anion exchange and 
chromatographic work in acid neutral or alkaline medium. Resins of strongly 
basic type are much more resistant to oxidation e.g. chlorine as compared with 
weakly basic resins of phenolic type [115]. In long term tests on resins used for 
water deionization it has been found that the resin will last much longer if the 
water is deairated before the ion exchange [116]. 
According to Lindsey and D'Amico [117], the resins are insoluble in all 
common solvents including aliphatic and aromatic hydrocarbons. 
Organic ion exchangers also suffers from certain limitations. They are 
unstable in aqueous system at high temperature and in the presence of ionizing 
radiations. This led to a revived interest in inorganic ion exchangers. 
The properties of ion exchanger, facilitates the selection of the correct 
ion exchanger for solution of a particular problem. The more important 
properties are: colour, density, mechanical strength, particle size, capacity, 
selectivity, amount of crosslinking, swelling, porosity, surface area and chemical 
resistance. 
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Ion exchange capacity is one of the most fundamental characterizalion of 
any ion exchange material. For a strong ion exchanger, the capacity can readily 
be determined by direct titration. Various types of capacities can be expressed 
in different manners. Majority of the synthetic inorganic ion exchanger behnves 
as a weak ion exchanger and therefore the direct titration is not reliable. In this 
case ion exchange capacity is determined by replacement of H+ ion from the 
exchanger phase by the counter ions of a neutral solution and equilibrium ion 
exchange capacity is determined by pH titrations. 
The ion exchange material must be studied for chemical stability in acidic 
and basic media to check its limitations. Separation of inorganic mixtures to a 
more or less extent are based on one of the three different principle: 
1). At low concentration the extent of exchange is directly proportiofial to the 
valancy of the exchanging ion. 
2), At constant valance the extent of exchange is directly proportional to the 
atomic number at low concentration. 
3). The extent of exchange highly depends upon the formation of 
complexes. 
The uptake of metal ions in preference to others by an ion exchanger is 
called selectivity. The selectivity depends upon the charge on the metal ions the 
ionic radii of metal ions, the formation of insoluble substances with the 
exchanger and on complex formation. The selectivity reveals possibility for Iho 
separation of different metal ions from one another. 
In recent years the nature of ion exchange resins are being modified by 
incorporating them with certain chelating agents. These modified resins show a 
definite selectivity towards certain ions or group of ions. Thus the chelating ion 
exchangers are useful in removal of trace metals and toxic elements from 
industhal waste water. These chelating resins prepared by immobilization of 
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chelating agents on various support. The studies have been done of loaded 
resins for separation. For separation of metal ions, aromatic complexing agents 
with sulfonic acid group is useful treated with exchange resin. The selectivity of 
these modified resins depends upon the nature of the functional groups of the 
ligand. Various studies have been performed on these modified resins which 
have been summarized in Table 6. 
On the basis of distribution coefficient (Kd), metal ions can be selected 
for separations. The metal of higher distribution coefficient can be separated 
from the metal of lower distribution coefficient. The distribution coefficient is 
expressed by the equation, 
K^  = Amount of ion (A) present in exchanger phase /g of resin  
Amount of ion (A) present in solution phase /g of resin 
Distribution coefficient (Kd) may be determined to calculate the 
separation factor which may be regarded as a measure of possible separation. 
The general use of distribution coefficient is made in elution techniques 
used in separation. The rate at which ions move in ion exchange 
chromatography is proportional to their distribution coefficient. It is also possible 
to separate a trace quantity of a metal from a macro amount of another metal 
ion. 
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Besides other factors solvents play an important role on the adsorption 
behaviour of metal ions on ion-exchangers. The ion exchange behaviour of 
almost all metal ions on aqueous mineral acids of different concentration have 
been studied extensively. Solvents other than mineral acids, have also been 
used as eluentse.g. formic acid, citric acid, oxalic acid, tartaric acids, perchloric 
acid and several mixed electrolyite solutions are the common eluents used for 
column chromatography. Elution of metal Ions is usually enhanced because of 
complex forming nature of these compounds v^ith metal ions. Oxalic acid being 
a good complexing agent has been studied in the separation of As, Mn, Co, Zn 
and Cu from one another [118]. According to investigation of Somuelson [119] 
and coworkers. These complex forming organic acids are some time adsorbed 
on a strongly basic anion exchanger and such an exchanger can be treated as 
cation-exchanger and they can be successfully used for selective separations. 
Present work is related with metal ion interaction on formic acid. Despite the 
outstanding theoretical achievements, we have not reached the stage, where 
the properties of ion exchangers can be predicted from chemical consideration 
only. Therefore more inorganic ion exchangers have to bo synthosi/od and to 
be studied for their ion exchange properties. Efforts have been made to 
develop. 
1. Materials which are thermally and chemically stable. 
2. For ion exchange materials specific for certain metal ions. 
3. For selectivity coefficient in Solution other than aqueous one. 
4. For utilization separation of metal ions in sample of alloys, minerals 
and ones. 
5. For behaviour of organic substances towards these materials and 
6. To develop crystalline ion exchange materials. 
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With the development of modern analytical techniques it has become 
possible to elucidate the structure of these ion exchange materials and 
correlates it with the mechanism of ion exchange. Infrared spectrum predicts 
the presence of water molecules, OH groups and metal oxygen bonds. X-ray 
analysis confirms whether the material is amorphous or crystalline. The 
thermogravimetric and differential thermal analysis are important techniques 
that record changes on the chemical composition of the material at different 
temperatures. These techniques provide a great help in establishing the 
structure and thermal stability of the ion exchangers. In a thermogravimetric 
analysis the mass of a sample in a controlled atmosphere is recorded 
continuously as a function of temperature or time. A plot of mass of mass 
percent as a function of time is called a thermogram or a thermal decomposition 
cause. Thermograms provide information about decomposition mechanism for 
various polymeric preparation. Differential thermal analysis is a technique in 
which the difference in temperature between a substance and a reference 
material is measure as a function of temperature while the substance and 
reference material are subjected to a controlled temperature program. The 
difference in temperature AT between the sample temperature Ts and reference 
temperature Tr (AT = Tr-Ts) is then monitored and plotted against sample 
temperature to give a differential thermogram. DTA has been applied to a 
variety of both inorganic and organic materials. It has been applied to the 
identification of mixed clays, lubricating greases, thermia stabilities of inorganic 
compounds, such as metal nitrates, perchlorates, acetates and oxalates, 
identification of new compounds in a specific reaction, purity of mixtures 
investigation of solid phase reactions, kinetic and polymerization. Differential 
thermal analysis (DTA) is a relatively old instrumental method first used by 
lectatelier in 1887 and later perfected by Robert Austin in 1899. The first 
inorganic material to be analysed by DTA were clays and microcrystalline 
materials and before the availability of good X-ray equipment, successfully used 
in mineralogy. With the advancement in DTA technology, the study of phase 
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transitions in organic and polymeric materials began in the late 1950s, It is 
hoped that this technique would be fruitfully used in the investigation of complex 
materials both organic and inorganic. DTA is a very sensitive tool for the 
detection and measurement of gibbsite Al (oH)3. A method has been devised by 
J. Chice (1964) for measuring isothermal crystallization rates of high polymer. A 
method has been developed by W. Lodding and L. Hammell (1960) to 
investigate the reaction and phase changes during thermal analysis of metal 
hydroxides. M.J. Jonish and D.R. Bailey (1960) have investigated the system 
phenanthrene and anthracene by zone melting and DTA and determined the 
base diagrams of this two component system. Charles Maziers (1964) has 
designed a DTA apparatus which permits micro and semimicro determination. 
E.S. Freeman and V.D. Hogan (1964) have investigated the thermal behavour 
of several inorganic fluorides and silicofluosides in an at 1 atm pressure over 
the temp range 25°C to 800°C. 
A large number of research papers published every year incorporating 
the thermal behaviour of wide variety of materials. This has, in a way 
necessitated the publication of two new journals from 1970 in the field of 
thermal analysis. Journal of thermal analysis and thermo clinical acta, and 
inclusion of appropriate headings to various aspects of TGA and DTA in 
chemical abstract. 
Quantitative results can, however, be obtained by another technique, 
differential scanning calorimetry (DSC), which although closed related to 
DTA and gives analogous results, works on a different principle, DSC is a 
thermal technique in which difference in heat flow into a substance and a 
reference are measured as a function of sample temperature while the two are 
subjected to a controlled temperature program. Differential scanning 
calorimatry has by now become the most widely used of all thermal methods. 
Purity of a compound can be checked by the use of differential scanning 
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calorimetric. Other thermo analytical methods are thermometric titrations (TT) 
and fractional thermogravimetric analysis (FTGA). 
The detection and determination of metal ions is one of the most 
fascinating chapters in the analytical detection can be achieved by using the 
following: 
1. Instrumental Methods [120-126] 
2. Non Instrumental methods 
a. Chromatographic method [127] 
b. Ion Exchange Method [128, 129] 
c. Spot testing [130] 
Instrumental methods such as I.R., U.V., N.M.R. can be used to detect 
substances which are otherwise difficult to identify. The importance of 
photoacoustic spectroscopy [131] to the solution of analytical chemistry is now 
being realized. 
The main drawback of the instrumental techniques are the high cost of 
the instrument and the expertise needed to handle them. Moreover the 
instrument cannot be used where full detection is required. 
The non-instrumental methods have been definite advantages of 
being fast simple and inexpensive. The chromatography methods are being 
used more and more to solve the problem of detection. The property of interest 
in such cases is the Rf value of a substance under specified condition. Even 
though the Rf provide a simple method for the detection of a substances. Yet, 
chromatography is usually employed to separate and then to identify the 
components of mixtures. 
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The simplest approach to detection of organic functional group is 
provided by ion exchange methods. These methods are fast simple, selective 
and inexpensive, A simple example will illustrate the efficiency of ion exchange 
methods. 
The most versatile non instrumental method are probably the spot test 
first described by Feigl [132,133]. Fujimoto et al [134] proposed the use of resin 
spot test technique to make these tests more elegant, which depend on the 
intense colouration of the few grains of light coloured ion-exchange resin 
produced by the uptake from the reaction medium of ions having characteristic 
colours. The tests have the following advantages; 
1. They are most sensitive because the coloured ionic species is 
concentrated on the resin surface. 
2. The coloration Is often more stable in the resin phase and 
sometimes becomes progressively more intense on standing. 
3. These tests are more selective. Thus ions having a charge 
opposite to that of ionic species adsorbed by the resin usually do 
not interfere. 
4. These tests need very little equipments and repair very little 
training on the part of the investigator. 
Resin spot techniques has been widely used for the detection of 
inorganic ions by using colour reaction [135,136,137]. However resin beads 
can also be used to develop new colour reaction as described by Qureshi [138] 
for diphenylamine, picric acid [139, 140,141] and for ethylenediaminetetra acetic 
acid in human urine [142,143]. Fujimoto [144] described a very sensitive test for 
the detection of flouride using ion exchange beads. Botton [145] has described 
an in exchange method for the detection of N,S,P and halogens. 
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Another important phenomenon is to combine the hydrolysis and 
catalytic reaction of the resin beads with the resin spot technique. A very 
interesting example of thi» approach is the detection ester [146] amide, imide, 
anitides [147] and nitriles [148]. Qureshi et al. [149] extended the use of the 
ion exchange resins as a catalyst and as an ion exchanger simultaneously for 
the determination of amides and esters. The use of solid ion exchangers has a 
number of advantages when compared with dissolved electrolytes. 
1) The catalysts can be readily removed from reaction products by 
filtration or by decantation. 
2) The purity of the product is better since side reactions are minimized, 
3) The ion exchanger is more selective i.e. it distinguishes more sharply 
between the various reactant molecules and it may be considered to 
be half way in the selectivity between dissolved electrolytes and 
enzymes, 
4) No new ions are introduced in the reaction except the ions which are 
produced as a result of hydrolysis. 
Although there are many methods of determination of trace metal ions. 
Such procedure often result in tedious extraction and separations [150], 
Environmental pollution increasing day by day due to the industrial 
activities. The pollutions which are present in nature such as lead, mercury, 
carbon monoxide oxide and sulphur dioxide etc. and contaminants which does 
not occur in nature but induced by human activity into the environment and 
affecting its composition. Many of these chemicals are toxic to human beings 
and may produce chronic effects on the lung, heart, l<idney and brain. 
According to "International Register of Potentially Toxic chemicals" of the United 
Nation Environment Programme, there are 4 million known chemicals in the 
world today and another 30,000 new compounds are added every year. Cancer 
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results from some type of occupational exposure. These substances affect 
DNA, preventing it from giving the necessary directions for the which control all 
growth. 
Various toxic chemicals used in industry affect the living organism. 
These toxic species enter in human body directly or indirectly. Table 7 listed 
below ahowmg toxic elements which causes chronical effects to human being 
[151], 
Table-7 
Toxic trace elements in natural water and waste water 
Elements Sources Effects and significance 
Arsenic Mining by product, pesticides, Toxic, carcinogenic 
chemical waste 
Cadmium industrial discharge mining 
wastes, metal plating, water 
pipes 
Causes high blood pressure, 
kidney damage destruction of 
testicular tissue and red blood 
cells 
Chromium Metal plating, tanning found 
as Cr(VI) in water. 
Ulceration and perforation of 
nasal systems and carcinogen 
Copper Metal plating industrial and 
domestic wastes mining, 
mineral leaching. 
Toxic to plant and algae high 
concentration in water causes 
death 
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Table 7 (cont'd) 
Flourine Natural geological sources, 
industrial wastes, water 
additive 
Presents tooth decay at 1 mg/l, 
causes mottled teeth and bone 
damage at about 5 mg/1. 
Lead Industry, mining plumbing, 
coal gasoline. 
Toxic, anaemia, kidney, disease 
nervous, disorder, wild life 
destroyed. 
Mercury Mining industrial waste, 
pesticides 
Highly toxic, mercury 
compounds are more toxic than 
elements 
Zinc Industrial waste metal plating Toxic to plants at higher level 
plumbing 
Manganese Mining industrial waste, acid Toxic to plants at higher level 
mine drainage 
Ion exchange technology is perhaps the best means for the removal and 
determination of the toxic species in natural water and effluent from industries. 
Many Toxic Chemicals and other type of industrial discharge, industrial 
effluent in lakes, ocean, river, which without any treatment causes water 
pollution and this all because of tanneries, electroplating, industry, textile 
industry and also because of dyeing, bleaching and printing processes, paper 
and pulp industry, induced heavy metals in lake. Besides this cement, fertilizers 
and other industries discharges their waste without any treatment which causes 
severe problems to the human being. The quality of drinking water is of vital 
concern for mankind. Since it is directly related to human welfare. The toxic 
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contaminants of water are usually heavy metals, phenols and other toxic 
substances. At present the menace of water born diseases and epidemics still 
loom large on the horizon of developing country. 
Table 8 shows objectionable components of industrial wastes their effect 
and typical sources. The water taste and odour is affected by the presence of 
inorganic and organic substances such as benzenes anilines and phenol [152]. 
Table-8 
Objectionable components of industrial waste water, their effects and 
typical sources 
Component group 
Bioxidizables 
Effects 
Deoxygenation, 
anaerobic condition, 
fish pills stinks. 
Source 
Large amount of soluble 
carbohydrate, sugar 
refining, canning, pulping 
& paper making. 
Primary Toxicants Cattle poisoning, fish 
AS, CN, Cr, Cd, Cu, kella, plankton kills 
F, Hg, Pb, Zn 
Metal cleaning, plating 
picketing, tanning, 
refineries, battery making. 
3. Acids & Alkalies Disruption of pH buffer Coal-mine drainage, steel 
system _ pickling textiles 
Disinfectants H2O2, Selective kills of 
CI2 microorganism, taste 
and odours 
Bleaching of paper, textile 
resin synthesis dye and 
chemical manufacture. 
,^ 0-
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Table 8 cont'd 
Ionic forms Fe, Ca, Hardness, staining 
Mg, Mn, CI salinity of water 
Oxidizing and 
reducing agents 
Attired chemical 
balances 
Metalurgy, cement 
making, ceremies. 
Gas & coke making 
fertilizer plants, explosive 
manufacture, resining and 
synthetic fisher making 
Evident to sight and Foaming, floating & 
smell settle able solids 
stinks, anaerobic 
bottom deposits, oil, 
fats and grease 
Detergent waste, tanning 
food and meat processing 
beat, sugar mills, woolen 
mills, poultry dressing. 
Basically the control of pollution is accomplished by prevention and 
control. Control and reduction of pollutant from their sources is necessary. 
Various method in analytical chemistry are being applied to monitor the extent 
of pollution and for this purpose. First the recognition of pollutants sampling and 
their estimation are carried out to evaluate the levels of contaminants present 
Ion-exchange has resolved the most difficult problem in chemical analysis i.e 
separation of typical component having similar enough properties. This niolliod 
occupied the firm position in controlling the pollution due to various toxic 
elements. These can be removed using the process of Ion exchange. Flourins 
and nitro benzene removed from urine. Ion exchanger can separate the micro 
(1 mg quantity) as well as the macro (>1 gm quantity). The removal of Hg, Pb 
using the ion exchanger discussed by [153] Koertus [154] Powlowski [155] et al 
have used the ion exchange method for purification of waste water from the 
manufacture of nitrogen compound. Zinc is removed from pickling liquor by 
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metal separating ion exchange process in which the ZnCl2 is sorbed as ZnClz 
eluted with water and converted to zinc sulphate by liquid-ion exchange 
extraction. For the removal of mercury Caiman [156] has reviewed the process 
of ion exchange. Ambrus [157] describe the control of pollution for low level 
pollutants in water such as Pb, Cu, Ni, Cd, Zn using ion exchange method. Ion 
exchange method currently employed to the determination of Cd, Zn, Cu, Be, 
Co , Mn, Mo. 
V, U and Th in natural water, Including drinking water, river water, sea 
water, has been successfully achieved. The technique is based on ion 
exchange enrichment of the metals as their anionic complexes [158]. Selective 
ion exchangers Lewatite o.c. 1019, 1034 are found ideal for the immobilization 
of heavy metals ion in soil (Zro2 ''^, Cu*^, Pb*^). 
Ion exchange chromatography has played an important role in the 
isolation and identification for the concentration of the most important metals 
and of the transuranium elements [159-164] and has even been used for the 
enrichment of isotopes [165], amino acids [166], alcohols [167], Carbonyl 
compound [168]. Ion exchange resins have been used for the isolation of 
selenium (IV) [169], ppb level of aluminium [170] and preconcentration of cobalt 
and uranium from sea water. 
Ion exchange have been used with success in food industries also. The 
ion processing of wine is commonly practiced by large manufacturer in the 
U.S.A. It was worth recording that the use of strong acid cation exchange resins 
in the H'' form and one in Na* form may produce a wine, removing calcium, 
copper and other undesirable metals. 
Industry (dealkalisation) for the production of feed water suitable for "light 
beers" bitter and longer. The production of sweetness high lights the versatility 
of ion exchange in the processing of food. 
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In recent year ion exchange method have applied in various field such as 
ion exchange treatment of sea water [171-174]. In environmental analysis [175] 
and desalination of water [176], Removal of heavy metals from river water [177] 
determination of Cg*^ and Mg*^ [178]. Ctz and N2 determination in water [179], 
for the production of water used in pharmaceutical purposes [180], treatment of 
waste water containing Hg*^ ([181] for separation of heavy metals by chelating 
resin [182]. In separation preconcentration of Cr (VI) from Cr(lU) [183] for the 
chromatography of biopolymer [184], Separation of Amino acid [185] and 
Phenol compound [186]. In clinical and pharmaceutical process [187] extraction 
of uranium [188]. 
There are various methods for analysis of trace metal ions: 
1) Ion exchange in impregnated papers. 
2) Ion exchange resin beads. 
The resin loaded papers suffer from the problem of unequal distribution 
of the metal ions within the paper. Ion exchange resin beads have been 
successfully employed in detection and separation of metal ions and organic 
substances. 
Recently, Weetall et a! [189] reported the immobilization of an 8-
hydroxyquinolene chelate on controlled pore glass. Hercules [190] reported the 
use of an immobilized dithiocarbamate for trace metal analysis. 
In this connection Brajter [191] recommended exchange method with 
highly selective resins. These chelating resins prepared by the immobilization of 
chelating agents on various support [147, 192]. 
A very efficient system is provided by immobilization of the sulphonic 
acid derivative of an aromatic complexing agent on an anion exchange resin 
[193, 194]. 
58 
Aromatic complexing agents [195] containing sulphonic aicd groups have 
already shown analytical competence and are particularly useful for the 
separation of metal ions on anion exchange resin [196, 197]. These compound 
display a high affinity for anion exchangers and as a consequence of their 
structure when retained on the exchange resin transform into a selective 
exchanger. The selectivity of the species depend upon the character of the 
functional group of the ligand incorporated with the resin. Resins modified with 
sulphonic acid group have been studied [198, 199]. 
Amberlite IR-400 (CT) modified with eriochrome black-T for the detection 
and separation of metal ions. Eriochrome black-T, chemically sodium-1 (1-
hydrozy-2-napthylazo) 6-nitro-2-napthol-4-Sulfonate. The anion has the formula 
[200]. 
"0,S N=N 
Fig. 2: Structure of eriochrome black-T 
Present work is based on the properties preparation and applications of 
Amberlite IR-120 modified with neutral-red has been studied in detail. Neutral 
red is chemically Aminodimethylaminotoluphenazonium chloride. It has the 
following structure. 
59 
H2N 
Fig. 3: Structure of neutral red 
Neutral red has two aromatic rings, might be bound to the resin matrix 
(Styrene-divinylbenzene), and owing to the presence of two nitrogen donor 
atoms, might react selectively with metal ions. 
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CHAPTER - 2 
Separation, identification and determination of important 
metal ions using ion-exchange techniques 
INTRODUCTION 
Nowadays much effort is applied to the removal of heavy metals from 
industrial effluents and wastewater, mainly because of increasing environmental 
problems resulting from excessive and indiscriminate industrialization. 
The potential of chelating ion-exchange resins for the separation and 
pre- concentration of metal ions has been firmly established [1-6]. These 
materials, which bear chelate-forming groups and ion-exchange groups are 
usually prepared by incorporation of complexing groups on to the ion exchange 
resin. The selectivity of these modified resins for metal ions depends on the 
nature of the functional groups of the complexing agents. 
Another way of preparing a chelating resin is by chemical reaction. 
Griesbach and Lieser [7] described the synthesis of fifteen adsorbents. Dowex 
1-X8 containing adsorbed sulfonated azo dyes [8] has been found separate 
copper and nickel. Azthiopyrine dislfonic acid [9] has been incorporated on to 
an amion-exchange resin and the product has been used for the uptake of 
mercury, copper, and cadmium from aqueous solutions; similar use of 
pyrogallolsulfonic acid [10] enabled the separation and enrichment of Mo®"", and 
Fe^*. The incorporation of the thiol [11] functional group resulted in a chelating 
resin with high selectivity toward heavy metal ions. Nabi et al. Synthesized a 
variety of chelate-forming resins by incorporating complexing agent such as 
bromophenol blue [12], eriochrome black T [13], and congo red [14], alizarin red 
[15], crystal violet [16], and toluidine blue [17]. 
In addition to their use for the separation of metal ions, these chelating 
ion-exchange resins have also been applied to the adsorption of bile salts [18] 
and the decoloration of lactic acid [19]. The successful utility of these modified 
resins has prompted us to start a search for a new chelate forming resin based 
on the same idea and to check its selectivity toward metal ions. 
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Neutral red has two aromatic rings, might be bound to the resin matrix 
(Styrene-divinylbenzene) and, owing to the presence of two nitrogen donor 
atoms, might react selectively with metal ions. 
The present work was under taken as an effort to develop the new 
modified ion exchange resin using different chelating reagents. The strong acid 
cation exchange resin Amberlite IR-120 has been modified by adsorption of 
neutral red The analytical applications of the material has been explored 
Thus Zr"* and Zn^* has been selectively separated from a synthetic mixture of 
other metal ions. Another aim of this work is to demonstrate an effective 
analytical method for the separation and determination of Zn^* and Ca^* in a 
commercially available pharmaceutical preparation. 
EXPERIMENTAL 
Separation, identification and determination of important metal ions using 
ion exchange techniques. 
Apparatus: Spectronic 1001 Spectrophotometer, Elico LI-10 T digital pH 
meter, and Electronic Shaker incubator with a stainless body 
were used. 
Reagents 
Amberlite IR-120 resin (mesh size 16-45, 8% divinylbenzene by weight) 
in the protonated form was obtained from BDH (UK); Neutral Red from E. Merck 
(Germany) and the disodium salt of EDTA from S.D. fine chemicals (India). 
Acetic acid, sodium acetate, citric acid, formic acid and other reagents were all 
AR grade. Zevit in capsule form was used as pharmaceutical preparation and 
was obtained from Heilen lab. 
Ethanolic solutions (1%) of 1-[1-hydroxy-2-naphtholazo]-5-nitro-2-
naphthol-4-sulphoric acid sodium salt (Eriochrome Black-T) and 1-[2-
... -J'A^ALlbr. f<^ 
pyridylazo]-2-naphthol (PAN), and an aqueous solution (1%) of o-
cresolsulphonaphalein-3',3"-bis [methyliminodiacetic acid sodium salt] (xylenol 
orange) were used as indicators. A 0.01 M solution of the disodium salt of 
ethyienediaminetetracetic acid (EDTA) was used for titration. 
A list of the metal ions investigated is given in Table 9. 
Table - 9 
The cation studied 
Cation Salt used (0.1 M aqueous solution) 
. ^ 
Mg^^ Magnesium nitrate 
Ca^^ Calcium nitrate 
Ba^^ Barium nitrate 
Sr^ ^ Strontium nitrate 
Hg^^ Mercurous nitrate 
Pb^* Lead nitrate 
Cd^^ Cadmium nitrate 
Zn^^ Zinc nitrate 
Mn'^ Manganese chloride 
Cu^^ Copper nitrate 
Co^* Cobalt nitrate 
Ni^* . Nicl<el nitrate 
Fe^^ Ferric nitrate 
AP^ Aluminium nitrate 
Bi^ ^ Bismuth nitrate 
La^^ Lanthanum nitrate 
Zr^ ^ Zirconium oxychloride 
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SOLVENT SYSTEMS 
The solvent systems used for study of the distribution coefficient (Kd) of 
the metal ions is given in Table 10. 
TABLE 10: 
Solvent System Composition v/v Notation 
0.05 M acetic acid - Si 
0.50 M sodium acetate - S2 
0.05 M acetic acid and 0.01 M sodium acetate 1:1 S3 
0.05 M acetic acid and 0.05 M sodium acetate 1:1 S4 
0.05 M acetic acid and 0.50 M sodium acetate 1:1 Ss 
0.05 M acetic acid and 1.00 M sodium acetate 1:1 Se 
0.10 M citric acid - S7 
0.10 M formic acid 
1 
- Ss 
Eluent used 
1. 1.00 M Nitric acid 
2. 0.05 M Acetic acid 
Preparation of modified resin 
The modified neutral red resin was prepared by treating Amberlite IR-120 
resin with 68.0 iimol/l solution of neutral red for 24 hours at pH 3.0. The resin 
was washed several times with demineralized water to remove excess reagent 
from the supernatant liquid. The sorbed resin was finally dried in an oven at 
60°C to remove moisture. 
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study of the Adsorption Isotherm 
Effect of concentration of the reagent 
To study the sorption of neutral red under a static conditions, resin in the 
protonated fornn (0.5 g) was equilibrated with neutral red solution (50 mL) of 
different concentration (10-68 )imol/l) in a temperature controlled electronic 
shaker - incubator at constant pH 3.0 for 4 hours. The equilibrium concentration 
of the reagent was then determined spectrometrically at 540 nm. The 
adsorption isotherm shown in Fig. 4. 
Effect of pH 
To determine the effect of pH on the sorption of neutral red, 0,5 g of resin 
was shaken continuously with 50 mL of 68 ).imol/l neutral red solution for 4 
hours. The pH values of the solutions were adjusted by adding an appropriate 
acid, base or buffer of the desired pH. The equilibrium concentration of the 
reagent in the supernatant liquid was determined spectrophotometrically at 540 
(Fig. 5). 
Effect of time 
The equilibrium time for adsorption of neutral red by the resin was 
established by performing a series of adsorption experiments at constant pH 
3.0. A constant mass (0.5 g) of Amberlite IR-120 was stirred with an aqueous 
solution of neutral red (50 mL) for different times. The amount of neutral red 
taken up by the resin was determined by analyzing the supernatant solution 
spectrophotometerically at 540 nm. (Fig, 6). 
Distribution coefficients (Kd) of metal ions 
0.4 g of modified resin beads were loaded with 1.0 ml of 0.10 M metal 
ion solution and 39 ml of the appropriate solvent in a 250 ml erienmeyer flask. 
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The following solvent systems were studied for the determination of the Kd 
values: 0.05 M acetic acid, 0.50 M sodium acetate, 0.05 M acetic acid and 0.01 
M sodium acetate (1:1 v/v), 0,05 M acetic acid and 0.05 M sodium acetate (1:1 
v/v), 0.05 M acetic acid and 0.50 M sodium acetate (1:1 v/v), 0.05 M acetic acid 
and 0.1 M sodium acetate (1:1 v/v), 0.10 M citric acid and 0.10 M formic acid. 
The mixture was shaken continuously in a shaker at 25±2 °C for 4 hours. The 
amount of cation in the solution before and after equilibration was determined 
by EDTA titration. 1.0 mL of each metal ion was transferred into a 100 mL 
conical flask and diluted to 10 mL with demineralized water and then titrated 
against 0.01 M disodium salt of EDTA solution. In the case of Mg^'', Ca^", Ba "^", 
Sr^ "", Pb^*, Hg^*, Zn "^", Mn^*, Cd^* the titration were performed in the presence 
of Eriochrome. Black-T and ammonia - ammonium chloride buffer at pH 10. At 
the equivalence point, the color of the solution changes from wine red to blue. 
Cu^^ Al^*, Fe^^ Co^*, Ni^* were titrated in the presence of PAN indicator and an 
acetic acid - Sodium acetate buffer solution at pH 3.75 and 60°C. The 
equivalence point was indicated by a colour change of the solution from red to 
yellow. Zr'''' was titrated in the presence of 1.0 M Nitric-acid using xylenol 
orange as indicator at 80°C. A change in colour of the solution from red to 
lemon yellow indicates the end point. Kd values for each metal ion were then 
calculated by the formula: 
Amount of metal ion in the re sin phase I g of re sin 
Amount of metal ion in the solution phase I ml of solution 
FIAOml F 
Where; I = volume of EDTA used before treatment with the resin (ml), F 
= volume of EDTA used after treatment with the resin (ml), l-F = Amount of 
metal ion in the resin phase (ml). The Kd values for each metal ion in various 
solvent systems have been calculated and presented in Table 11. 
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Quantitative separations of metal ions 
The separation of metal ions was carried out by an elution technique 2 g 
of modified resin was packed into a glass column of 0.60 cm (i.d.) with a glass 
wool support at the end and washed 2-3 times with demineralized water 2.0 ml 
of binary mixture of the metal ions to be separated, was poured on the top of 
the column and the solution was allowed to flow gently at the rate of 8-10 
drops/min till it reaches just above the surface of the resin. The column was 
then rinsed with demineralized water. The elution process was carried out at a 
constant flow rate of 18-20 drops min'^ The eluted metal ion fractions were 
determined titrimetrically using a 0.01 M disodium salt of EDTA solution as 
titrant (Table 12). Elution profiles for binary separations of metal ions are 
shown in Fig. 7 (a to e) and Fig. 8 (a to e). 
Selective separation of Zr** and Zn^* from other metals in a synthetic 
mixture 
Selective separation of Zr"** and Zn^* from a synthetic mixture containing 
other metal ions was performed by loading the column with samples containing 
different amount of Zr^* with Mg^*, Ca^*, Sr^*,, Mn^\ Cd^* and Zn^^ with a 
mixture of Ca^^ Mg^*, Co^^ Cu^* and Sr^*. The results of these separations are 
listed in (Table 13 and 14). 
Separation and determination of Zn^* and Ca *^ in pharmaceutical 
preparation 
Separation and determination of Zn^* and Ca^' in pharmaceutical 
preparation, the procedure adopted was: Four commercially available Zevit 
capsules was treated with a mixture of 12 mL Hcl and 4 mL HNO3. The mixture 
was heated till nitric acid fumes disappear. It was then filtered and a clear 
solution was obtained and diluted to 100 mL with demineralized water. A small 
portion of the mixture was added to the column packed with 2.0 g modified 
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resin. Ca^' and Zn^* ions were eluted witli 0.05 M acetic acid and 1.0 M nitric 
acid respectively, and determined titrimetrically against a standard solution of 
the disodium salt of EDTA. The results of these separations are listed in (Table 
15 a &b). 
RESULTS AND DISCUSSION 
Both cation and anion exchange resins were tested for adsorption of 
neutral red but adsorption was achieved with cation exchange resin Amberlite 
IR-120. The equilibrium conditions such as concentration of neutral red, pH 
and time on the adsorption were studied. The adsorption isotherm of neutral 
red shows a straight line and follows Langmuir's adsorption isotherm (Fig. 4). 
The maximum uptake of neutral red was found to be 57 ).imol/0.5 g resin at pH 
3.0 (Fig. 5). The time required to reach equilibrium for the adsorption of neutral 
red by the resin was found to be 4 hours. No further adsorption occurs on 
increasing the time. An equilibration time of 4 hours was therefore, chosen to 
ensure complete adsorption throughout these experiments (Fig. 6). 
Neutral red, which has two aromatic rings, probably responsible to 
interact with the resin matrix (Styrene-divinyl benzene). Owing to the presence 
of two nitrogen donor atoms of the neutral red which react selectively with metal 
ions. It can be concluded that neutral red, which contains two aromatic rings, 
was attached to the polystyrene skeleton by physical adsorption and n-n 
dispersion forces arising from the aromatic nature of the resin and neutral red 
seem to be responsible for this adsorption. 
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structure of neutral - red 
It is apparent from the distribution coefficient values given in (Table 11) 
that neutral red resin has differential selectivity for metal ions, possibly because 
of the formation of metal complexes with different stability constants. The 
presence of two nitrogen donor atoms in neutral red promote complexation with 
metal ions. The type of solvent used will also affect the ease of complexation. 
Sorption studies of different metal ions in diverse solvent systems revealed 
many interesting features. It has been observed that almost all the metal ions 
exhibited low Kd values in 0.50 M sodium acetate (S2) except Zirconium (IV) 
which shows exceptional behaviour. This may be due to greater complexation 
tendency of Zirconium (IV) with neutral red. The exceptionally high Kd value for 
Zinc (II) in 0.05 M acetic acid (Si) made it possible to separate it from other 
metal ion. It is interesting to note that there is a decrease in Kd values of metal 
ions with the increase in the volume ratio of sodium acetate in the mixed system 
of sodium acetate and acetic acid. The Kd values for each metal ion in various 
solvent system have been calculated and presented in Table 11. 
It is also interesting to note that Kd values for most of the metal ions are 
exceptionally high when citric acid or formic acid are used as solvents. This 
behaviour of metal ions may be due to formation of more stable metal 
complexes with neutral red. On the basis of difference in Kd values several 
binary separations of metal ions were achieved on the column of this material 
by selecting appropriate mobile phases (Table 12). Elution profiles for binary 
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separations of metal ions are shown in Fig. 7 (a to e) & Fig, 8 (a to e), The 
exceptionally high Kd value of Zr"* permit the separation of this metal from the 
mixture of other metal ions namely Mg^*, Ca^*, Sr^*, Cd^*, Mn^*. ZK^* which 
was strongly held by the resin and eluted with 1.0 M HNO3 while other metal 
ions eluted together with 0.50 M sodium acetate. Similarly in case of Zn "^" 
which was strongly retained and eluted with HNO3 while other metal ions were 
eluted with 0.05 M acetic acid. The practical utility of these separations were 
demonstrated quantitative by achieving separation of Zr?" and Zr"** from other 
metal ions present in synthetic mixtures (Table 13 and 14). Further utility of this 
material has been explored by the determinations of Zn^* and Ca^* after 
separation in a pharmaceutical preparation namely Zevit [Table 15 (a & b)]. 
The results were checked by performing five replicate analysis. The separation 
of zirconium can be utilized for the isolation and determination of the metal from 
its alloys namely Zircon, Nohlite, uranite and from Igneous rocks, 
Conclusion: Neutral red loaded IR-120 resin has differential selectivity for 
metal ions, It can also be used as a packing material in column 
chromatography and for pre concentration and for the recovery of metals from 
industrial effluents and wastewater. This method can also be used for the 
determination of composition of alloys. 
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